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Improved process for treating pectin containing plant material 

□ Background of Ihe invention 

1. Field of ifie invention 

The present invenbon relates to an improved method of treating a pectin containing starting 
materials to reduce or to avoid chemical and/or enzymatic and/or microbiological changes of ttie 
pectin contained in said pectin containing starting materials. 

2. Background of the invention and related infonnation 

Pectin is a com^dex polysaccharide associated with plant cell walls, tt conssts of an alpha 1-4 
linked polygalacturonic acid Isackbone inten/ened by rtiamnose residues and modified with 
neutral sugar side chains and non-sugar components such as acetyl, methyl, and femiicacid 
groups. 

The neutral sugar side chains, which include arabinan and arabinogalactans. are attached to the 
rtiamnose residues in the bacldKMie. The rtiamnose residues tend to cluster together on the 
bacfcbone. So. with the side chains attached this region is lefened to as the haiiy region and the 
rest of the backbone is hence named the smooth region. 

In US 5.929,051 , Ni. et al. describes pecBn as a plant cell wall component. The cell wall is divkled 
into three layers, middle lamella, primary, and secondary cell wall. The middle lamella is the 
richest in pectin. Pectins are produced and deposited during cell wall growth. PecUns are 
particularly abundant in soft plant tissues under conditions of fast growth and high moisture 
content. In cell walls, pectins are present in the fbmi of a calcium complex. The involvement of 
calcium cross-linking is substantiated by the fact that chelating agents facilitate the release of 
pectin from cell walls as disclosed by Nanji (US 1.634.879) and Maday (US 2.375,376). 

According to Dumitriu. S.: Polysaccharides, Stmdural diversity and functional versatility. Marcel 
Dekker. Inc.. New York. 1998. 41 6 - 41 9. pectin is used in a range of food products. 

Historically, pectin has mainly been used as a gelling agent for jam or similar, froit-containing. or 
fniit-fiavored, sugar-rich systems. Examples are tradittonal jams, jams with reduced sugar 
content, dear jellies, fmit-flavored confedionery gels, non-fmit-flavored confectionery gels, heat- 
reversible glazing for the bakery industry, heat-resistant jams for the bakery industry, ripples for 
use in ice cream, and fruit preparations for yogurt. 
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A substantial portion of pectin Is loday used forstabinzation of low-pH mOk drinks, Including 
fermented drinks and mixtures of firurt juice and nntik. 

The galacturonic add residues in pectin are partly esterified and present as the methyl ester. The 
degree of esteriflcatlon is defined as the percentage of cart)oxyl groups esterified. PecUn with a 
degree of estenfication ("DE") above 50% is named high methyl ester fHM") pectin or high ester 
pectin and one with a DE lower than 50% Is referred to as low methyl ester fUvr) pecBn or low 
ester pectin. Most pectin found in plant material such as fmfts, vegetables and eelgrass are HM 
pectins. Acetate ester groups may further occur at cart>on-2 or -3 of the galacturonic acid 
residues. The degree of acetate Verification ("DAc^ is defined as the percentage of galacturonic 
acid residues containing an acetate ester group. Most native pectins have a low DAc, one 
exception being sugar beet pectin. 

Pectins are soluble in water and insoluble in most organic solvents. Pectins with a very low level 
of methyl-esterification and pectic adds are for practical purposes only soluble as the potassium 
or sodium salts. 

Pectins are most stable at pH 3-4. Below pH 3, methoxyl and acetyl groups and neutral sugar 
side chains are removed. At elevated temperatures, these reactions are accelerated and 
deavage of glycosldic bonds in the galacturonan backbone occurs. Under neutral and alkaline 
conditions, methyl ester groups are saponified and the poiygalacturonan backbone breaks 
through beta-elimination-deavage of glycosidic bonds at the non-redudng ends of methoxylated 
galacturonic add residues. These reactions also proceed faster with increasing temperature. 
Pectic adds and LM pecUns are resistant to neutral and alkaline conditions since there are no or 
only limited numbers of methyl ester groups. 

According to Kertesz, Z. I: The Pectic Substances. Intersdence Publishers, Inc. New Yoric, 1951. 
pectic materials occur In all plant tissues. However, of industrial Importance are particulariy 
apples, beets, flax, grapefruit, lemons, limes, oranges, potatoes, and sunflower. Lately, also the 
pectin in Aloe vera has shown industrial utility. 

In US 1,513.615. Leo discloses an enzymatic process for solubilization of protopectin. He 
observes that pectase does not work when acid is presenL Consequently, he breaks up the fni'd 
cells by cooking In water and then he adds calcium carit>onate after which he adds pectase. Thus. 
Leo increases the pH to a point where pectase is active in order to avoid the use of add in the 
subsequent extraction. 



In us 1 ,497,884. Jameson sets out to solve the problem that peel contains pec^inase, which 
removes methyl groups on the pectin. When pectinase is present, the pectin loses methyl groups 
and this leads to lower gel power. He solves the problem by first chopping the peel and then 
destroying the pecUnase by heating the chopped peel to just below 100°C for no more than 10 
minutes. 

In US 1,654,131, Leo inactivates enzymes in the peel be treating peel cut into slices or pieces 
with strong alcohol such as 95% ethanol. In this way he solves the problem of reduces gel power 
of pectin when the peel Is dried in the presence of acids and enzymes. Leo uses the fad that 
alcohol denatures proteins such as enzymes, but he does not utilize any effect on the enzymes 
through a reduction of pH. 

In US 2,020,572, Piatt uses the same principle as in US 1,497,884 and treats finely ground peel 
with heat in order to destroy enzymes. 

In US 2,165,902. Myers solves the problem that conventional kiln drying of peel does not heat the 
peel quickly enough to inactivate enzymes. He does that by leaching ground fresh peel with a 
solution of copper sulfate heated sufficiently to inactivate pectinase. 

In US 2,323,483. Myers Inactivates enzymes in fresh peel by washing the ground fresh peel in 
water at 90°C for 5 minutes. 

In US 2,358,430, Willaman discloses a process for enzymatic deesterification of pectin. He treats 
a pectin dispersion with pectase at pH 6.0 and at a temperature, whicti is favorable for pedase. 
That temperature is 40 ^ 45^C. and after a certain time in which the pH Is maintained at 6,0. the 
reaction is stopped by heating to 70 - 80^C or by lowering the pH to 3 - 4 and then heating. 
Willaman sets out to solve the problem that conventional methods for deesterification of pectin, 
i.e. at that time alkali deesterification, result in reduced gel power of the resulting deesterified 
pectin. He does that by letting the enzyme pectase do the deesterification on the pectin. 

In US 2,444.266. Owens discloses a process for making a series of partially demethoxylated 
pectins of high molecular weight by letting native enzyme from citrus peel or apple pomace react 
on the pectin b^ore extraction. He emphasizes that the peel must not have been treated to 
inactivate the enzyme. 

In US 2.387,635. Bailey discloses a method for preparing pectin-bearing plant material for 
extraction of pectin. The method involves removal of soluble solid constituents prior to extraction. 
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He ^kes Shredded orange peel and mixes f. with boiling water. The temperature is kept at about 

the pectlnous material, but he does not consider this an extraction. The pH during the heating 
process ,s adjusted to 2.8 - 3.6 In onler to avoid demethoxylation of the pedln. pH values above 
4 are detrimental to the pectin when the pectin is heated. Some source materials may fall within 
ih.s PH range without adjustment After a period sufflcientto assu,B inacUvatlon of enzymes and 
m,cnH,^anisms which may be present in the peel, the mass is cooled and the pH adjusted to 3 5 
- 3.8. The mass is cooled to about 33°C and inoculated with a pure culture of yeast The 
inoculated mass Is allowed to femient for 30 - 75 hours at about 33°c. After femientation the 
yeast IS inactivated by addition of fom«r.n. and the pH is adjusted to about 2.9 after which'the 
mass IS heated ,o 9vPc for about 30 minutes to extract the pectin. The fem,entation removes 
sugars and other unwanted solids. Thus. Baltey sets out to solve the problem of having large 
volumes of wastewater as a resuH of having to wash the peel with water to remove soluble solids 
He solves the problem by letting yeast f emient the soluble solids and can consequently do with ' 
much lower volumes of water. However, since the femientatlon takes place at pH values and 
temperatures, which are optimal for the native enzymes in the peel, he first must destroy these 
enzymes. He does that by heating the peel at a pH of 2.8 - 3.6. 

in summary, the prior art has dealt with the problems of enzymes in the peel. However these 
enzymes have been viewed as a problem and not as an opportunity. Thus, for the mo^ part the 
native enzymes have been destroyed thmugh the use of heat. In fact, the prior art states that 
traditional kiln drying is not suffident to destroy the enzyme, and consequently a prior heating In 
an aqueous system is needed. Another approach involves the use of ethanol to destmy the 
enzyrries before drying the peel. This method, however, is hazardous because of the potential 
nsk Of an exptoslon. The utnizatlon of native enzymes in peel to deesterify pectin is known 
However the principle is either used on pectin having been extracted, or the principle is used on 
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consequently, there is a need to make a dry pecOn containing starting material In which the 

tToirnT IT!""" •"^"'^^^ ^-9e the composition of 

nL^l'r ^ ''"'^"0 drvlng. Also, the enzymes must be 

.nactn^ated In the dry peel during storage. However, once the dry peel Is to be extracted the 
enzymesshouw once again become active so that an In situ deestenfication in the peel"can be 
accomplished before extraction of the pectin. 

a Summary of the invention 
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It has now surprisingly been discovered that when fresh peel is adjusted to a pH between 3.2 1o 
4.0. the nath/e pectin esterase in the peel becomes inactivated. Thus, minimal deesterification 
takes place dunng transpoitafion of the fresh peel, nor during subsequent washing and/or 
conventional drying of the fresh peel. Since the enzyme remains inactivated, the activity of the 
enzyme can be re-established at a later point by increasing the pH to above about 4.0. 

a Detailed description of the invention 

The present invention relates to an improved method of treating a pectin containing plant starting 
material before extracting the pectin in Uie plant material. 



The plant pectin containing material may be any material containing pectin. Such materials 
include citrus fniits, other firuits such as apples, beets, remains from ttie manufacturing of soy 
protein, linseed or flax. aloe, sunflower buttoms. etc. The present invention Is particulariy useful 
fbr treating plant material, which inherently have a pH above 4. Examples of such plant materials 
15 are orange, grape fruit, fodder beet, sugar beet and carrots. 

The present invention comprises a method for treating such plant material, the resulting pectin 
made by subsequent extraction of the treated plant material and the uses of said pectin. 

20 The method involves the following steps: As soon as possible after tiie plant material has been 
physically handled, for instance pressed, Uie remains. Ibr instance the dtms peel, the lameUae 
and the juice sacks, are treated with acidified water. If this in not feasible, the treatment of the 
plant material should take place as soon after a fresh water washing of the plant material as 
possible. The plant material may be treated as it comes or the plant material may be ground or 
25 siteed to improve the treatment The pH of the acidified water may vaiy in the range 2.4 - 4.0, 
preferably within the pH range of 3.2 - 3.9 and most preferably within the pH range of 3.4 - 3.7. 
The treatment with ackfified water, or wash with addlfied water, can be peifomted in a batch wise 
fashion or in a continuous fashion. In a batch wise washing process, one or more washing steps 
can be used to remove as much soluble material such as sugar as possible. Although more than 
three washing steps can be used to remove even more solutes, three washing steps produce an 
acceptable level of solutes without increasing the cost unacceptably. In a continuous washing 
process, the add is added at the end of ttie washing line, where the natural adds if present in the 
plant material has the lowest concentration. Such continuous counter current washing techniques 
are well known in the art. 



The add used In the present invention can be any inorganic and any oiganic add capable of 
redudng Uie pH in the plant material to Uie desired pH. Beamples of inorganic adds Indude 
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hydrochloric add. sulfuric acid, sulfur dioxide, nitric add. elc and racamples of organic add include 
citric add, oxalic add. acetic add, etc. Another means of achieving the desired pH of the plant 
material is to use a buffer solution instead of add. Examples of buffer solutions include: 



Chemicals 


Useful buffering range at 25^0 


Hydrochloric acid / disodiumhydrogencftrate 


2.0-4.0 


Glycine / Hydrochloric add 


2.2-3.6 


Potassium hydrogen phthalate / Hydrochloric acid 


2.2 - 4.0 


Citric add / Sodium citrate 


3.0 - 6^ 


Sodium acetate / Acetic acid 

nnpjiiKd chein.ax.ad UUMbUUfbUneiB nUifl ' 


3.7 - 5.6 



IS 



To avoid extraction of the pectin contained in the plant material, washing with acidified water must 
take place at temperatures below 90°c. preferably below 50°C and most preferably below 35°C. 
For practical purposes, the washing with acidified water would lake place at the temperature of 
10 the water at hand, which in most cases would be behveen 10°C and 30°C, but Jower 
temperatures of the addified water can be used as well. 

When using a batch vAse washir^ process, it is convenient to lightly press the washed plant 
material between each wash to ensure the best possible removal of solutes. The pressing should 
be done in such a manner that the plant material is only pressed free of excess liquid, not in a 
manner, which causes the plant material to be crushed in such a way as to present separation 
and/or drying difficulties later in the process. 

The time, during which the plant material is washed with addified water must be suffident to 
20 efiedlvely reduce the pH in the plant material to a pH within the range of 2.4 - 4.0, preferably 
within the pH range of 3.2 - 3.9 and most preferably within the pH range of 3.4 - 3.7. This time is 
in the range 5-60 minutes per washing step, preferably 5-30 minutes perwashing step and 
most preferably i o - 20 minutes per washing step. Longer washing times are possible, but do not 
provide any extra benefits. 

25 

After the washing with addified water, the plant esterase activity in the treated plant material is 
inactive or inactivated. Thus, the plant esterase, which naturally occurs in the plant material, no 
longer perfomis its deesterification effect on the pectin contained in the plant material. Thus, the 
treated plant material can be stored ortransported without the pectin contained in the plant 
30 material being deesterified. This is important because the plant esterase deesterifies the pectin in 
the plant material in a block wise fashion, which renders the resulting pectin more caldum 
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sensitive. In addition, by preventing blocks of carboxyl acid groups, the risk of depotymerization 
during a subsequent drying and extraction at high temperatures is minimized. By inactivating the 
plant esterase, the pectin remains unchanged. The pectin in the tiBated plant material 
subsequently be extracted according to known methods. 

The treated plant material may also t>e used for immediate extraction aocoitiing to known art. 
Alternatively, the treated plant material may be dried and optionally milled before the pectin is 
extracted from the dried plant material. This option Is particularly useful wtien the treatment 
operation and the extraction operation are located far apart, and when transpoitation of the wet 
ti-eated peel is impractical. The present invention is particulariy useful when the treated plant 
material is subsequently dried. Drying may take place in any known manner with or without 
vacuum. A drying temperature of less than 80°C is recommended to avoid creating a solid 
coating on the surface of the plant material. Since the plant esterase has been rendered 
inactivated and stays Inactivated during the drying step, Uie disadvantage of known principles of 
diying plant material containing pectin is avoided. During the conventional drying, in whic^ the 
plant esterase is not inactivated, the slow heating during drying leads to severe deesterification, 
which the present invention avoids. 

However, the present invention also offers the possibility of reactivating the plant esterase, so 
that block wise deesterification can take place In the wet or dry acid washed plant materia! prior to 
extraction. This is accomplished by spraying Uie wet or dry acid washed plant material with a 
solution of alkali, such as diluted sodium hydroxide or any other suitable alkafi to increase the pH 
of the plant material to above 4.0. preferably to 4.5 6.0 and most preferably to 4.5 - 5.5, 
Alternatively, the wet of dried acid washed plant material may be suspended in the said dilute 
alkali. The temperature is chosen as the optimum temperature of the plant esterase, which is in 
the range 40 - 80°C, preferably 50 - 70*^0 and most preferable 60 - 70*^C, and the time is 
chosen to reach the desired blocky deesterification. Depending on the temperature, the time 
ranges from about 1 hour at high temperatures to several hours at the lower temperatures. 

The present invention also relates to the pectin extracted from the treated plant material. Thus, 
treating the plant material accondling to the present invention results in pectin with low calcium 
sensitivity. In fact, the calcium sensitivity, when measured as the ratio of the break strength 
between a gel made with calcium ions added and a gel made without calcium ions added is in the 
range 0.90 - 1 .40, preferably 0.90 - 1 .20 g and most preferably 0.90 -1.10. This Improvement of 
calcium sensitivity Is particulariy useful for pectin made from orange, grape fruit and beet. 



In addition, said pectin is of a higher molecular weight than pectin, which has not undergone the 
treatment of the present invention. The molecular weight is increased by up to 50%, often by 10 - 
40% and usually by 15 - 30%. The increase in molecular weight is particularly pronounced when 
orange, grapefaiit and beet are used. 

Further, the traditional USA SAG of the pectin is Increased. By treating plant material according to 
the present invention, the USA SAG is increased by up to 30%. more often by 5 - 25% and 
usually by 10 - 20%. The increase in USA SAG is particularly pronounced when using orange, 
grapefruit and beet 

The present invention also relates to the use of the treated plant material in the manufacture of 
pectin, in the manufacture of animal feed and for use In foodstuffs. 

The present invention also relates to the uses of said pectin. Uses include foodstuffs, cosmetic 
products, pharmaceutical products and household products. The pectin acconllng to the present 
invention is particuiariy useful for making jams and jellies, for bakery products including jams and 
dough, whether laminated or not, addified protein beverages, wound care preparations, ostomy 
products etc. 

iVIaterials and NIefhods 

• Extraction of pectin 

in this application, pectin is extracted using the following steps: 

1 . 15 liters of water Is heated to 70°c in a stainless steel, jacketed vessel having a volume of 18 
liters and equipped with a stirrer. 

2. 500 g peel are added to the water, and the pH is adjusted to 1 .7 - 1 .8 by addition of 62% 
nitric add. 

3. Extraction rs earned out at 70°C for 7 hours while stimng. 

4. After extraction, the content of the vessel Is filtered on a Bucher funnel using diatomaceous 
earth as fitter aid. 

5. The filtered extract is ion exchanged while stimng by adding 50ml resin (Amberiite SR1L, 
produced by Rohm&Haas) per liter of filtered extract. While stirring^ the ion exchange is 
canied out during 20 minutes while stirring. 

6. The ion exchanged filtrate is filtered on a Bucher funnel equipped with a doth. 

7. The filtered ion exchanged filtrate Is predpitated by adding it to three parts of 80% 
isopropanol while stirring gently. 



8 



8. The precipitate is coflected on nylon doth and pressed by hand to remove as much 
isopropanof as possibfe. 

9. The hand pressed precipitate is washed once in 60% isopropanol and then dried at 70°C in a 
drying cabinet at atmospheric pressure. 

10. Atter drying, the pectin is milled. 

• Breaking strength and IPPA temperature at 65% SS for HM-pectin (slow set) 
Principle 

Breaking strength is measured on Texture Analyser (TA-xr2) in a synthetic jelly at 65% SS and 
pH 3.0. The breaking strength is measured at a calcium level of 0 ppm Ca^ {break -Ca^*) and 90 
ppm Ca^ (break +Ca^*). 

Apparatus: 

1< Balance (max. load 3-6 kg) 

2. Glass beakers, (1000 ml). 2 pieces 

3. Measuring flask. (1000 ml), 2 pieces 

4. Magnet stirrer 

5. High-speed mbcer 

6. Electric hotplate, diameter 15 cm, 1500 W 

7. Saucepan, stainless steel, 1 .5 1 

8. Ladle 

9. Stirrer at 500 rpm 

10. Stirrer spindle (HETO. article no. 000240, drawing no. 0004259) 

11. Pipette 

12. Haake D-8-G thennostatically controlled water bath 

13. Steel sample containers (inner diameter 50 mm. inner height 74 mm) with ltds 

14. Pet riHfishes (bottom), diameter 61 mm, height: 9 mm 

15. Lids for petri<lishes 

16. Heating cabinet at25°C ± 2°C 

17. Adhesive tape 

18. Wire cheese slicer 

19. Texture Analyser type TA-XT2 

20. Refiractometer 

21 . pH-meter 

22. Stopwatch 

23. Computerwith Windows 

24. Printer 



25. Computer program for detemiination of IPPA temperature. The soft ware is available from 
CPKelco. 

Buffer solution No. 1 (+Ca^*): 

Potassium dtrate monohydrale. K3C6H5O7. H2O: 3.933 g 

Calcium citrate tetfahydrate, CagCCsHsOzh. 4H2O: 1 .898 g 

Sodium benzoate, C7H5Na02: 1 .000 g 

Citric acid monohydrate. CeHaOr. H20. 50% (wA<): 25 ml (approximately) 

Dissolve in the mentioned sequence in 900 ml deionized water, add citric add while stirring until 
the calcium citrate is dissolved. Adjust pH to 3.4 3.5 with dtric acid and transfer quantitatively to 
a 1000 ml measuring flask which is filled up to the mark with deionized water. 

Buffer solution No. 2 (-Ca^): 

Potassium citrate monohydrate, KsCgHsO?, H2O: 3.933 g 

Sodium benzoate, C7H5Na02. 1 .000 g 

Citric acid monohydrate, CsHsPj, H20, 50% (w/v): 18 ml (approximately) 

Dissolve as buffer solution No. 1 . 

Citric ackl solution. 50% w/V: 

Citric acid monohydrate. CeHaOy. H2O: 500 g 

Dissolve dtric add in deionized water and fill up with deionized water to a total of 1000 ml. 
Pectin solution: 

Boiling water, deionized: 360 ml 

Pectin (150 grade USA-SAG): x g 

Weigh out the water and slowly add the pectin in the high-speed mixer at speed 1 . After addition 
the speed is increased to speed 3 for 5 min. Cool the solution to ambient temperature and weigh 
up to 400 g and mix in high-speed mixer. Weigh out 121 g pectin in a 250 ml glass beaker. 

Calculation of x g pectin: 

(8,7 x 150) / (assumed USA-SAG grade) = x g 
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Recipe: 

Soluble solids %: 65.0 ± 0.5 

pH: 3.0 ±0.05 

Gel +Ca^*: 



Buffer solution No. 1 : 1 35 g 

Sugar 385 g 

10 Pectin solution: 120 g 

Citric acid solution, approximately 50% (wA/): 3 ml (suggested quantity) 

Total, approximately: 643 g 

Evaporation, approximately: 43 g 

IS Final yield: 600 g 



Gel -Ca^*: 



Buffer solution No. 2: 1 35 g 

20 Sugar 365 g 

Pectin solution: 120 g 

Citric acid solution, approximately 50% (wA^): 2.5 ml (suggested quantity) 



Total, approximately: 642.5 g 

25 Evaporation, approximately: 42.5 g 

Final yield: 600 g 



Procedure: 

Detenmfnation of IPPA temperature (developed at CP Keico) and preparation of sample solution 
30 with and without calcium: 

1 . Start the program. Use the following settings: 

• Start temperature: 95**c 

• End temperature: 15**C 

• Temperature gradient: 1°C/min. 
35 • Enter file name 

2. Fill deionized water into a metal container and place In the Haake D-8-G thermostatically 
controlled water bath. 
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3. Place the reference sensor at the middle of the container and press START. The water bath 
will now heat to start temperature. 

4. Weigh buffer solution into a tan^d saucepan (diameter 16 cm, Inner height 7,5 cm). Add 
sugar and start the stopwatch. Heat to boiling while stirring (500 rpm). 

5. Add pectin solution from the 250 ml glass beaker (120 g) and scrape (remainder in beaker 
approximately 1 g) and continue boiling and stirring. 

6. Continue boiGng for 1 min, 

7. Add calculated quantity of citric acid solution. Continue boiling and stimng for 30 seconds. 

8. Weigh up to 600 g with deionked water or bofl to evaporate. (In practice slightly more water 
may be added in order to reach correct soluble solids.) 

9. Remove the saucepan from the heat and stir using a ladle. Leave for 20 seconds before 
removing any foam. 

10. Fill two sample containers (with Hds) forthe Haake Q-8-G thermostatically control water bath, 
and place the sensors at the middle of the containers. Activate the green button PRESS TO 
GO ON. Once the temperature difference has dropped to less than ?*C cooling starts. FInaUy, 
the computer will calculate geUing temperature. 

Detenmlnation of breaking strength: 

1 . PHI, immediately after step 7. 3 petri-dlshes (bottom part) (diameter 61 mm, height 9 mm), all 
equipped with tape rind. 

2. Cover the petri-dishes with lids to prevent drying out of the gel on standing. 

3. Leave jefiies for 18 ^ 24 hours at 25°C ± 2°C before measuring breaking strength. 

Break: 

1. Remove tape rind and cut the jelly top with a wire cheese slicer level with the rim of the petri- 
dish. 

2. Measure breaking strength on TA-)CT2 

• Plunger distance: 6 mm 

• Plunger diameter 12.7 mm 

• Plunger speed: o. 5 mm/s 



3. State results as the averages of the three jellies with Ca^* and the three jellies without Ca^^ 
respectively (break +Ca) and (break -Ca). 

4. Measure soluble solids. Can be measured in IPPA temperature metal containers. Soluble 
solids must be 64.5 - 65.5%, Othenwse. the test must be repeated. 

5. Measure pH. This must be 2.95 - 3.05. Othenwise the test must be repeated with adjusted 
quantity of citric acid, see appendix. 
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Notes: 

Adjustment of pH if out of range for analysis 

The quantity of citric acid in ml may be calculated according to the followng fomiulas if the pectin 
S composition is known: x = pH in a 1% soiuHon 

with calcium: 

Lemon and lime pectins: 50% citric acid solution * 0.0094x2 0.8926x + 0.2004 
Orange pectins: 50% citric add solution =1.1 364x2 - 6.7409x + 12.775 

10 

without calcium: 

Lemon and lime pectins: 50% dtrfc add solution = 0.0671x2 + 0.4573x + 0.8023 
Orange pectins: 50% citric add solution = 2.2727x2 - 14.482X ^ 25.551 

15 The citric add quantity is suggested only. PH in the final product deddes the quantity of added 
citric add. The fonmulas for calculation of quantity of 50% citric add solution have been generated 
through regression of a substantial number of samples. 

• Breaking strength and IPPA temperature at 60% SS for HM-pectin (rapid set) 
20 Principle 

The breaking strength is measured on Texture Analyser (TA-XT2) in a synthetic jelly at 60% SS 
and pH 3.0. The breaking strength is measured at a caldum level of 0 ppm Ca^* (break -Ca^*) 
and 90 ppm Ca^* (break +Ca^*). 

25 Apparatus: 

1 . Safance, max road 3-6 kg 

2. Glass beakers, (1000 ml), 2 pieces 

3. Measuring flask, (1 000 ml), 2 pieces 

4. Magnet stirrer 

30 5. High-speed mixer 

6. Electric hotplate, diameter 1 5 cm. 1 500 W 

7. Saucepan, stainless steel. 1.51 

8. Stirrer at 500 rpm 

9. Stin^r at 500 rpm 

35 1 0. Stinger spindle (HETO. artide no. 000240, drawing no. 00042S9) 

11. Pipette 

12. Haake l>8-G themiostatically controlled water bath 
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13. Steel sample containers fmner diameter 50 mm, inner height 74 mm) with lids 

14. Petrhdishes (bottom), diameter 61 mm. height: 9 mm 

15. Lids for petri-dishes 

16. Heating cabinet at 25^C ± 2^C 
5 17. Adhesive tape 

18. Wire cheese slicer 

19. Texture Analyser type TA-XT2 

20. Refractometer 

21. pH-meter 
iO 22. Stopwatch 

23. Computer with Windows 

24. Printer 

25. Computer program for determination of IPPA temperature (developed by CP Kefco) 

15 Buffer solution No. 1 (+Ca^*): 

Potassium citrate monohydrate. KaCeHsOr, H2O: 3.933 g 

Calcium citrate tetrahydrate. Ca3(C6H507)2, 4H2O: 1 .898 g 

Sodium benzoate. C7H5Na02: 1 .000 g 

Citric add monohydrate, CsHrf^/. H2O, 50% (w/v) 25 ml (approximately) 

20 

Dissolve in the mentioned sequence 900 ml deionized water and transfer quantitatively to a 1000 
ml measuring flask which is filled up to the marit with deionized water Solution pH must be 3.4 - 
3.6. 

25 Buffer solution No. 2 (-Ca^*): 

Potassium citrate monohydrate. K3C6H5O7, H2O: 3.933 g 

Sodium benzoate, C7H5Na02: 1 .000 g 

Citric acid monohydrate, CeHaOr, H2O. 50% (w/v): 1 8 ml (approximately) 

30 Dissolve as No. 1. 

CKric acid solution , 50% w/v: 

Citric acid monohydrate, CsHeOr, H2O: 500 g 

35 Dissolve citric add in deionized water and fill up with deionized water to a total of 1 000 ml. 
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Pectin solution: 
Boiling water, delonized: 
Pectin (150 grade USA*SAG}: 

5 Dissolve pectin in higivspeed mixer for 5 minutes. Cool the solution to ambient temperature and 
weigh up to 400 g and mix in high-speed mixer. Weigh out 121 g pecUn solution in a 250 ml glass 
bealcer 

Calculation of xg pectin: 

10 

(8.7 X 150) / (assumed USA-SAG grade) - x g 
Recipe: 

Soluble solids %: 60.0 ± 0.5 
IS pH: 3.0 ±0.05 

Gel +Ca^\- 

Buffer solution No. 1: 
20 Sugar 

Delonized water 
Pectin solution: 

Citric acid solution, approximately 50% (w/v): 

25 Totaf: 

Evaporation: 
Final yield: 

Gel-Ca^*: 

30 

Buffer solution No. 2: 
Sugar 

Delonized water 
Pectin solution: 
35 Citric acid solution, approximately 50% (w/v): 

Total: 



380 ml 
xg 



135 g 
355 g 
30 g 
120 g 

3 ml (suggested quantity) 

643 g (approximateiy) 
43 g (approximately) 
600 g 



135 g 
355 g 
30 g 
120 g 

2.5 ml (suggested quantity) 
642.5 g (approximately) 
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Evaporation: 
Final yield: 



42.5 g (approximately) 
600 g 



Procedure: 

Detenminallon of IPPA temperature, which is the gelling temperature of the gel made according to 
the above composition, and preparation of sample solution with and without calcium 

1 . Start the programme. Use the following settings: 
« Start temperature: 9S^C 

• End temperature: 15**C 

• Temperature gradient: 1'*c;min. 

• Enter file name 

2. Fill deionized water into a metal container and place in the Haake D-8-G themioslatically 
controlled water bath. 

3. Place the reference sensor at the middle of the container and press START, The water bath 
will now heat to start temperature. 

4. Weigh buffer solution into a tarred saucepan (diameter 16 cm, Inner height 7.5 cm). Add 
sugar and start the stopwatch. Heat to boiling while stim'ng (500 rpm). 

5. Add pecUn solution from the 250 ml glass beaker (120 g) and scrape out (remainder in the 
beaker approximately 1 g) and continue boiling and stimng. 

6. Continue boiling for 1 minute. 

7. Add calculated quantity of cttrlc add solution. ConUnue boning and stirring for 30 seconds. 

8. Weigh up to 600 g with deionized water or boil to evaporate. (In practice slightly more water 
may be added to reach conect soluble solids.) 

9. Remove the saucepan from the heat and stir using a ladle. Leave for 20 seconds before 
removing any foam. 

10. Fni two sample containers with lids for the Haake D-8-G thennostatically controlled water 
bath, and place the sensors at the middle of the containers. Activate the green button PRESS 
TO GO ON. Once the temperature difference has dropped to less than 2»C cooling starts. 
Finally, the computer will calculate gelling temperature. 

Determination of breaking strength: 

1 . FUl, Immediately after step 7. 3 petii-dishes (bottom part) (diameter 61 mm. height 9 mm), all 
equipped with tape rind. 

2. Cover the petri-dishes with lids to prevent drying out of the gel on standing. 

3. Leave Jellies forlS - 24 hours at 25°C ± 2^C before measuring breaking strength. 
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Break: 

1 . Remove tape rind and cut the jelly top with a wire cheese sKcer level with the rim of the petri- 
dish. 

2. Measure breaking strength on TA-XT2 

• Plunger distance: 6 mm 

• Plunger diameter 1 2.7 mm 

• Plunger speed: 0.5 mm/s 

3. State results as the averages of the three Jellies with Ca^* and the three Jellies without Ca^. 
respectively (break +Ca) and (break -Ca). 

4. Measure soluble solids. Can be measured in IPPA temperature metal container. Soluble 
solids must be 69.5 - 60.5. Otherwise the test must be repeated. 

5. Measure pH. This must be 2.95 ^ 3.05. Othen/vlse the test must be repeated with adjusted 
quantity of citric acid, see appendbc. 

IS Notes: 

Adjustment of pH if outside range for analysis 

The quantity of citric acid in ml may be calculated according to the folloviing fonnulas If the pectin 
composition is known: x = pH in a 1% solution. 

20 With calcium: 

Lemon and lime pecUns: 50% citric add solution = 0.0094x2 + 0.6926x-f 0.2004 
Orange pectins: 50% citric add solution = 1.1364x2 - 6.7409x + 12.775 

without caldum: 

25 Lemon and lime pecOns: 50% dtric acid solution = 0.0671x2 + 0.4573x + 0.8023 
Orange pectins: 50% citric add solution = 2.2727x2 - 14.462x + 25.551 

The dtric add quantity is suggested only. PH in the final product deddes the quantity of added 
citric add. The fomiufas for calculation of quantity of 50% dtric acfd solution have been generated 
30 through regression of a substantial number of samples. 

• Detenmination of the USA SAG^egree of high ester pectin 
Prindple: 

The USA SAG degree method is a method, which expresses directly the sugar binding capadty 
35 Of the pectin. The method assumes a gel containing 65% soluble solids at a pH of 2.2 - 2.4. and 
that this gel sags 23.5%. The method requires that a range of gels are made containing different 



17 




concentrations of pectin. For a gel, which fulfils the requirements, the ratio between pectin and 
sugar is caJculated. If this ratio is 1 : 150, the pectin is 150 degrees USA SAG, 

Apparatus: 
5 1 . Analytical balance 

2. Laboratory scale (max. load 3 - 5 kg, accuracy 0.2 g) 

3. Stainless steel saucepan, 1 .5 1. 1 5 cm diameter 

4. Electric hofplate, 15 am diameter, 1 500 W 

5. Stirrer motor, adjustable speed, 500 - 1 000 rpm 

10 6, Stirrer shaft OHETO, article No. 000240, drawing No, 0004259} 

7. Beakers (1 000 mi and 150 mi) 

8. Spatula 

9. Stop watch 

10. Thenmometer, lOO^C 
15 11. pH-meter 

12. SAG-gtasses and tape 

13. Ridgelimeter 

14. Wire cheese slicer 

15. Refractometer 
20 16. Incubator 

Chemicals: 
Sugar 

Tartaric add (488 g per liter solution) 
25 Delonized water 

Preparation of jelfy: 

1 . Weigh into 1000 ml beaicer 650/(650 - x) g sugar, (x = assumed finmness of pectin). 

2. Transfer 20 « 30 g of the weighed sugar Into a dry 150 ml beaker and add the weighed pectin 
30 sample (the weight of pectin to use in a jelly is expressed as: 650 g/assumed grade). 

3. Mix pectin and sugar thoroughly in the beaker by stimng with spatula. 

4. Pour 410 ml deionized/dlstilled wafer into the 1500 mi tanied. stainless steel saucepan and 
place stirrer shaft In it Pour pectin/sugar mixture into water - all at once - while stimng at 
1000 rpm. Continue stirring for two minutes.(lt is important as quickly as possible to 

35 submerge the pectin/sugar solution in the water and to transfer any traces of pectin/sugar in 

the small beaker to the saucepan). 

5. After 2 minutes, place saucepan on preheated electric hotplate, and stir at 500 rpm. 
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6. When contents reach a full roiling k>oil. add remaining sugar and continue heating and stirring 
until sugar is dtesolved and until net weight of the jelly batch is 1015 g. 

7. The electric hotplate should be set so that the entire heating time ft>rthe jelly is 5 - 8 minutes 
(full load, 1500 VAO. 

8. After weighing the 1015 g baich on the laboratory scale, leave It undisturted on the table for 
one minute. Then tip the saucepan, so that the contents are Just about to overflow, and 
quickly skim off any foam. Place thermometer In the batch and continue stining gently until 
the temperature reaches exactly 9S^C. 

9. Quickly pour the batch into two previously prepared SAG glasses each containing 1 .75 - 225 
ml of tartaric add solution and equipped vtrith adhesive tape allowing fining to approximately 1 
cm above the brims. 

10. After 1 5 minutes, cover the glasses with lids, and when the temperature reaches 30 - 35^C, 
place the glasses in an incubator at 25 ± 3°C for 20 - 24 hours. 

13 Measuring: 

1 . After 20 - 24 hours' storage of the jellies, remove lids from glasses and remove tape. Using a 
wire cheese sllcer. cut off the top layer and discard. 

2. Then carefully turn the Jelly out of the glass to an inverted posrtion on a square glass plate 
furnished with Ridgellmeter. 

20 3. Start stop watch once the jelly is on the glass plate. If the jelly leans slightly to one side this 
can usually be corrected by gently tilting the glass plate in the other direction. 
4. Place plate and jelly carefully on the base of the Ridgellmeter so that the jelly is centered 
under the micrometer screw, which should then be screwed down near to the surface of the 
Jelly. 

25 5. Two minutes after the stop watch was started, bring the point of the micrometer screw into 
contact vrith the jelly surface and record the Ridgellmeter reading to the nearest 0.1. 
6. Measure pH If the SAG gel is loose or atypical by visual inspection or handling. PH must be 
between 2.2 and 2.4. Otherwise, the sample must be retested. 

30 Calculation of jelly grade of the pectin: 

1 . Using the Ridgellmeter calibration table, convert the Ridgellmeter reading to a Factor 1 (see 
fig. 1). 

2. Using the soluble solids correcting table, the soluble solids measured is converted into a 
Factor 2 (see fig. 2). 

35 3. When multiplying the assumed grade of the test by the conrection factors, the true grade Is 
obtained: 

• Assumed grade x Factor 1 x Factor 2 = true grade 
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• Molecular weight determination for pectin 

Principle: 

5 Molecular weight is estimated by measuring the relative viscosity of a 0.1 % pectin solution using 
Na-hexametaphosphate. 

Apparatus: 

1 . Witeg-Ostwald-viscosimeter or similar (min. two) with 1 00 to 1 50 sec. Outiet time for water 
10 (25°CJ. 

2. Transparent themnostatic water bath, 25.0^C ± O.S^C. 

3. Digital stop watch. 

Reagents: 

IS 1 . Na-hexametaphosphate solution: 

a) 20.0 g ISIa-hexametaphosphate is dissolved in 1800 ml ion exchanged deaerated (bolfed) 
water. 

b) pH is adjusted to 4.50 ± 0.05 with 1 M HCI. 

c) TYie solution is diluted with ion exchanged, deaerated (boiled) water until 2000 ml. 

20 

Procedure: 
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1 . The used viscometers must be cleaned as stated in section: Cleaning/maintenance of 
viscometers. 

2. Outlet time for hexametaphosphate solution is measured (section: Measuring of outlet time) 
on the viscometers used for every time a new hexametaphosphate solution is prepared and 

5 for every new working day where pectin solutions are being measured. Immediately before 

measuring the necessary quantity of hexametaphosphate solution Is filtered through a glass 
filter #3, 

3. The pectin sample system for molecular weight determination is made as follows: 

a) Add wa^ the pectin as described in the method for detenmination of AGA and DE 
10 (GENU Control Method fslo 378). 

b) Approximately 90 g hexametaphosphate solution is weighed in a tarred beaker with 
magnet 

c) 0. 1 000 g acrd washed pectin Is gradually added while stim'ng. 

d) Heat the solution to 7CPc while stirring. Keep stirring until the pectin is completely 
IS dissolved. 

e) Cool the solution to 25°C. 

f) Weigh up to 1 00.0 g with hm^etaphosphate solution. 

g) Filter through a glass filter # 3. 

4. For every molecular weight detemnination the outlet time is measured (section: Measuring the 
20 outlet time) for the pectin/hexametaphosphate solution on two different viscometers. 

5. Molecular weight is calculated (section: Calculation) separately for each viscometer using the 
latest measured outlet time for hexametaphosphate solution on the viscometer In question. 

6. Should the difference between two calculated molecular weights be less than 3500 the mean 
value is calculated. Round off the value to the nearest multiple of 1000 and that will be the 

25 result of the method. 

7. Should the drfference between the two calculated molecular weights be 3500 or more the 
viscometers should be cleaned and a new measuring of outlet time for hexametaphosphate 
solution should be perfonned. 



30 Measuring the outlet time: 

1 . The viscometer is rinsed twice with the sample. 

2. Pour 5.00 ml of the sample In the viscometer and place it in the thermostatic water bath at 
25.0°C ± 0.3^C at least 15 minutes prior to measuring. 

3. Time is measured on two outlets. Should the difference between the times be more than x 
35 seconds the measuring is repeated until you have two consecutive measurements which 

differ no more than x seconds. 

• X = 0.2 seconds on measuring hexametaphosphate solution 
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• X = 0.4 seconds on measuring samples 
4. The outlet time which is needed for further calculations is the mean value of the above 
mentioned two or three identical or almost identical measuring results. 

S Cleaning/maintenance of viscometers: 

1 . Having completed work: rinse once with Ion exchanged water and then once with 1 M HCI. 

2. Soaking between wortdng days: 1 M HCL 

3. New working day before measuring: rinse twice in ion exchanged (not deaerated (boiled)) 
water. 

10 4. Clogging: rinse carefully with a thin copper wire. 
Calculation: 

The relative viscosity is calculated, as follows: 

15 nr-{to-(»Crto)}/{lh-(KAh)}. 

where to and \^ are outlet times for pectin solution and hexametaphosphate solutk>n, respectively. 

The parameter K can with sufficient accuracy be fixed at 107 s^ using Witeg-Ostwald- 
20 viscosimeter. OthenArise, K can be calculated as fofiows: 

K = (Q X tv^} / {Q + (0.226 X Lx t,)>. 

where Q = volume of viscometer bulb In cm^, L = length of capillary tube in cm and ty = outlet time 
25 for water in seconds. 

The molecular weight. Mw, of pectin is calculated as follows: 

Mvw = {(rv"^-1)xP>/kxC, 

30 

where P is fixed at 6 and k is fixed at 4.7 - 10'^ mol x g'^; C Is the weight percentage of pectin In 
the sample system - i.e. 0.1% with the numerical values inserted, one obtains: 

M = 1 .277 ' 1 06 (n, 1/6 - 1) g/moi. 

35 

Literature: 

Povl E. Christensen: 
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Methods of Grading PecOn in Relatton to the Molecular Weight (Intrinsic Viscosity) of Pectin. 
Food Research, vol. 19. p. 163 - 171 (1954). 

Christian J.B. Snrtit and Edwin F. Bryant: 
5 Properties of Pectin Fractions Separated on Diethylaminoethylcellulose Columns. 
Journal of Food Science, vol, 32, p. 197 - 199 (1967) 

• Determination of degree of esterlfication (DE) and galacturonic acid (GA) in non-amide 
pectin 

10 Principle: 

This method pertains to the detennination of % DE and % GA in pectin, which does not contain 
amide and acetate ester 

Apparatus: 
15 1 . Analytical balance 

2. Glass beaker, 250 ml, 5 pieces 

3. Measuring glass, 100 ml 

4. Vacuum pump 

5. Suction flask 

20 6. Glass filter crucible no. 1 (Buchner funnel and fitter paper) 

7. Stop watch 

8. Test tube 

9. Drying cabinet at 1 0S^C 

10. Desiccator 

25 11. Magnetic stirrer and magnets 

1Z Burette (10 ml. accuracy ± 0,05 ml) 

13. Pipettes (20 ml: 2 pieces, 10 ml: 1 piece) 

14. pH-meter/autoburette or phenolphtatein 

30 Chemicals: 

1 . Cartion dioxide-free water (delonized water) 

2. Isopropanol (IPA), 60% and 100% 

3. Hydrochloride (HCI). 0.5 N and fuming 37% 

4. Sodium hydroxide (NaOH), 0.1 N (corrected to four decimals, e.g. 0.1002), 0.5 N 
35 5. Silver nitrate (AgNOa), 0.1 N 

G. Nitric acid (HNO3). 3 N 

7. indicator, phenolphtalein, 0.1% 
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Procedure - Determination of % DE and % GA 
(Acid alcohol: 100 ml 60% IPA 5 ml HCI fuming 37%): 
1 . Weigh 2.0000 g pecUn in a 250 ml glass beaker. 
S 2. Add 100 ml add alcohol and stir on a magnetic stiTTerfor 10 min. 

3. Filtrate through a dried, weighed glass fifter crucible. 

4. Rinse the beaker completely with 6 x 15 mi acid alcohol. 

5. Wash with 60% IPA until the filtrate is chloride-free* (approximately 500 mi). 

6. Washwith20ml100%IPA. 

10 7. Dry the sample for 2 % hours at 1 05*^. 

6. Weigh the crucible after drying and cooling in desfccator. 

9. Weigh accurately 0.4000 g of the sample in a 250 ml glass beaker. 

10. Weigh two samples for double detemiinatlon. Deviation between double determinations must 
max. be 1 .5% absolute. If deviation exceeds 1 .5% the test must be repeated. 

IS 11. Wet the pectin with approx. 2 mil 00% IPA and add approx. 100 ml cartoon dioxide-free, 
deionized water while stirring on a magnetic stirrer 

^(Chloride test: Transfer approximately 10 ml filtrate to a test tube, add approximately 3 ml 3 N 
HNOa, and add a few drops of AgNOa. The filtrate will be chloride-free if the solution Is clear, 
20 othenn^e there will be a precipitation of sih^er chloride.) 

The sample is now ready for titration, either by means of an indicator or by using a pH- 
meter/autoburette. 

Procedure - Detenmination of % DE only 
25 (Acid alcohol: 100 ml 60% IPA + 5 ml HCI fmiing 37%): 

1 . Weigh 2.00 g pectin in a 250 ml glass beaker. 

2. Add 100 ml acid alcohol and stir on a magnetic stirrer for 10 min. 

3. Filtrate through a Buchner funnel with filter paper. 

4. Rinse the beaker with 90 ml acid alcohol. 
30 5. Wash wth 1000 ml 60% IPA. 

6. Wash with approximately 30 ml 1 00% IPA. 

7. Dry the sample for approximately 15 min. on Buchn^ funnel with vacuum suction. 

8. Weigh approximately 0.40 g of the sample In a 250 ml glass beaker. 

9. Weigh hvo samples for double detenriinatron. Deviation between double determinations must 
35 max. be 1 .5% absolute. If deviation exceeds 1 .5% the test must be repeated. 

10. Wet the pectin with approximately 2 ml 100% IPA and add approx 100 ml deionized water 
while stim'ng on a magnetic stirrer. 
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The sample Is now ready for titration, either by means of an indicator or iiy using a pH- 
meter/autoburette. 

5 Note: It is very important that samples with % DE < 10% are titrated very slowly, as the sample 
will only dissolve slowly during titration. 

Titration using indicator 

1 . Add 5 drops of phenolphtalein indicator and titrate with 0.1 N NaOH until change of color 
(record it as VI titer). 

2. Add 20.00 ml 0.5 N NaOH while stirring. Let stand for exactly 15 min. When standing the 
sample must be covered with foil. 

3. Add 20.00 ml 0.5 N HCI while stirring and stir until the color disappears. 

4. Add 3 drops of phenolphtalein and titrate with 0,1 N NaOH until change of color (record it as 
V2 titer). 

Blind test (Double determination is carried out): 

1. Add 5 drops phenolphtalein to 100 ml carbon dioxide-free or dionlzed water (same type as 
used for the sample), and titrate in a 250 ml glass beaker with 0.1 N NaOIH until change of 
color (1-2 drops). 

2. Add 20.00 ml 0.5 N NaOH and let the sample stand untouched for exacUy 1 5 minutes. \A/hen 
standing the sample must be covered with foiL 

3. Add 20.00 ml 0,5 N HCI and 3 drops phenolphtalein, and titrate until change of color with 0.1 
N NaOH (record it as B1). Maximum amount allowed for titration is 1 ml 0.1 N NaOH. If 
titrating with more than 1 ml, 0.5 N HCI must be diluted with a small amount of deionized 
water. If the sample has shown change of color on addition of 0.5 N HCI, 0.5 N NaOH must 
be diluted with a small amount of carbon dioxide-free water. Maximum allowed dilution with 
water is such that the solutions are behween 0.52 and 0.48 N. 

30 Titration using pH-meter/Autoburette: 

Using Autoburette type ABU 80 the following settings may be applied: 

Sample with % DE < 10 Blind test 

35 Proportional band 0.5 5 

Delay sec. 50 5 

Speed -VI 10 5 
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speed -V2 15 5 

1. Titrate with 0.1 N NaOH to pH 8.5 (record the result as V1 tfter). 

2. Add 20.00 ml 0.5 N NaOH white stirring, and let the sample stand without stirring for exactly 
S 15 minutes. When standing the sample must be covered with foil. 

3. Add 20.00 ml 0.5 N HCI whQe stinirtg and stir until pH is constant 

4. Subsequently, titrate with 0.1 N NaOH to pH 8.5 (record the result as V2 titer). 

Blind test (Double detennination is carried out): 

1 . Titrate 100 ml carbon dioxide-free or deionized (same type as used for the sample) water to 
pH 8.5 with 0.1 N NaOH (1-2 drops). 

2. Add 20.00 ml 0.5 N NaOH while stlmng and tet the blind test sample stand without stirring for 
exactly 1 5 min. When standing the sample must be covered with foil. 

3. Add 20.00 ml 0.5 N HCI whHe stirring, and stir unto pH is constant. 

4. Titrate to pH 8.5 with 0.1 N NaOH (record it as B1). Maximum amount allowed for titration is 1 
ml 0.1 N NaOH. If titrating with more than 1 ml, 0.5 N HCI must be diluted with a small 
amount of deionized water, (f pH does not fall to befow 8.5 on addition of 0.5 N HCI, 0.5 N 
NaOH must be diluted with a small amount of carbon dioxide-free water. Maximum allowed 
dilution with water Is such that the dilutions are between 0.52 and 0.48 N. 

Calculation: 

• Vt = V, + (V2-Bi) 

• % DE (Degree of Esterification) = {(Vz - Bi) x 1 00} / Vt 
25 • % DFA (Degree of Free Acid) = 1 00 - % DE 

• % GA' (Degree of Galacturonic acid) = (1 94.1 x Vt x N x 1 00) / 400 
On ash- and moisture-free basis 

1 94. 1 : Molecular weight for GA 

30 

N: Con-ected nomiality for 0.1 N NaOH used for titration (e.g. 0.1002 N) 
400: we^ht in mg of washed and dried sample for titration 
35 % Pure pectin = {(acid washed, dried amount of pectin) x 100} / (weighed amount of pectin) 

• Calcium sensitivity - CS-99-2 
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Principle: 

A pectin solution is adjusted to pH 3.60 using a 3.0 M Na-acetate buffer. The sample is dissolved 
by heating In a 7S°C water bath for 5 - 10 minutes. Then. 272 ppm calcium is added to the 
sample (at>ove 70^C). The sample visco^ty is nonmally measured with a LVT Viscometer using 
5 spindle no, 1 or 2 at 60 rpm, S'^C, 19 •»•/-. 3 hours later. The measuring must be perfonned without 
the protective loop. 

Apparatus: 

1 . Viscosity glasses, 48 mm internal diameter, height 110 mm 
10 2. Magn^, approximately 30 mm length 

3. Water bath (J5^C) with magnetic stirrer 

4. Foil or other heat tolerant covering material 

5. 5 ml and 20 ml pipettes or dispensers 

6. pH-meter 

13 

Reagents: 

1. 90-100% IPA 

2. CaCb solution (32g/l CaCb. 2H2O) 

3. 3.0 M Na-aoetate buffer. 

20 

Buffer preparation for 2 liter 3,0 M sodium acetate buffer pH 3,60: 

1. 81 ,64 g Na-acetate, 3H2O Is dissolved in a beaker using approximately 1200 ml ion 
exchanged water. 

2. The solution is transfen^ quantitatively to a 2000 ml measuring flask. 

25 3. In a hood. 309 ml 100% acetic add Is added, and the measuring flask is filled to the mark 
with Ion exchanged water. 

5 Jiter 204 g Na-acetate, 3H2O, 772 ml 100% acetic acid. 

PH of the solution is 3.60 0.05. if in doubt about the preparation check the pH. 

30 

Pectin solution concentration: 

0.4%: weigh out 0.64 g sample (unstandardlzed pectin) 

0. 5.: weigh out 0.80 g sample (standardized pectin) 

35 Procedure: 

1. Weigh out the sample of pectin in a viscosity glass. 

2. AddS.OmllPA. 
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3. Stir the sample at a magnetic stirrer wtiile adding 1 30 ml boirmg (above 85*^} water. It is 
important that the viscosity glass is covered (with e. i. foil) during all agitation. 

4. Add 20 ml 3.0 M Na-acetate buffer pH 3.60. 

5. Stir the sample in a 75°G water bath for minimum S minutes with a magnet If the sample 
S contains lumps the dissolving procedure must be repeated. 

6. Stir the sample with vortex of approx. 2 cm. Add 5 ml calcium solution ( CaCl2.2 1-I2O ,32 g/1). 
Max. addition time is 2 seconds. Mix the sample for approximately 10 seconds. 

IMPORTANT: 

10 if the vortex disappears while the calcium is added - and/or local gelation or entrapped air 

bubbles are olisenred - the sample is marked pregelled as a result of the analysis. If the sample 
is measured later on as a normal sample the obtained result will be too low. The analysis might 
then be performed in a lower pectin concentration. 

1 s 7. Remove the magnet and cover the glass with e.g. foil. 

8. Place the sample in a S'^C water bath for 1 9 ± 3 hours. Make sure the water level of water 
t>ath is equal to the level of the sample surface. 

9. If air bubbles are present at the sample surface, gently remove these prior to the sample 
measurement Measure the viscosity after 1 minute at 5°C with a LVT Viscometer, using 

20 spindle no. 2 at 60 rpm. For readings below 10 at the viscometer the measurement is 

perfomned with spindle no. 1. For meter readings above 100. place the sample at a 5^C water 
bath for19 ± 3 hours. Then measure the viscosity using spindle no. 3 at 60 rpm. 

Use the appropriate factor for calculating the viscosity (cP - centi poise). The CS value is equal to 
25 the calculated viscosity. 

• Clarity of a 1% pectin solution - cold solution 

Principle: 

The clarity of a 1% pectin solution is detenmined with a spectrophotometer. 

30 

Apparatus: 

1. Beaker. 250 ml 

2. 100% IPA 

3. Magnet 

35 4. Magnet stirrer 

5. Delonized water 

6. Measuring flask, 100 ml 
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7. Pipette 

8. Spectrophotometer 
Procedure: 

5 1 . Weigh 1g pectin into a 250 mi beaker. 

2. Moisten with 3 ml IPA. 

3. Place a magnet in the beaker. 

4. Place the beaker on a magnet stirrer. 

5. Add 96 ml deiorozed water while stirring. 
10 6. Stir until the pectin is dissolved. 

7. Measure the transmission or absorbance on a spectrophotometer at 655 nm. 

8. State the results as %T (transmission) or %Abs (at>sorbance). 

• Determination of residual sugar in peels 
15 Purpose: 

Detenmlnatlon of resMual sugar in peels is done by washing v^th 50% isopropanol. 
Apparatus: 



1. 


Glass beaker. 600 ml 


20 2. 


Balance (accuracy 0.2 g) 


3. 


Magnet stirrer 


4. 


Magnet 


5. 


Paper fitters (coarse) e.g. type AGF 614 


6. 


Drying catnnet at 65-70°C 


25 7. 


Buchner funnel 


8. 


Vacuum pump 



Solutions: 
Isopropanol, 50% 

30 

Procedure: 

1 . Weigh out a 10 g peel sample in 600 ml glass beaker. 

2. Add 200 ml 50% Isopropanol. 

3. Stir for 4 hours on magnet stirrer. 

35 4. Wash the peels and filtrate with 250 ml 50% isopropanol. 

5. Place filter and sample In drying cabinet at 65-70^C ovemight and weigh. 
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Calculation of resrdual sugar in peels, %: 

{(SS X 1 0) - (net X 95}} x 1 00 / (SS x 1 0). in wtiich 

5 SS = Dry matter percentage pnor to wastiing and diymg 
Net = Weight of washed and dried peets 
95 s Set dry matter percentage on washed and dried peels 

m Determination of pH in HM- and LM-pecfins - cold solution 

10 Principle: 

pH is detennlned in a 1% cold prepared pectin solution. 

Materials: 

1. Beaker, 250 m] 

J5 2. 100% IPA 

3. Magnet 

4. Magnetic stirrer 

5. Deionized water 

6. Pipette 
20 7. pH-meter 

Procedure: 

1 . Weigh out 1 g of pectin in a 250 ml beaker. 

2. Moisten with 3 ml IPA. 

25 3. Place the magnet in the beaker. 

4. Place the beaker on a stirrer 

5. Add 95 g deionized water 

6. Stir until the pectin is dissolved. 

7. Calibrate pH-meterwith buffer solutions of pH 7.00 prepared from potassium hydrogen 
30 phthafate and disodium hydrogenphosphate; and with pH 4.01 prepared from potassium 

hydrogen phthalate. respectively at 25^C. Both buffers should be dissolved in water achieved 
through reverse osmosis followed by double ion exchange. Subsequently, measure pH in the 
pectin solution at 25^0. 

35 • Oetervnination of loss on drying of HM- and LM-pectin 
Principle: 
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Loss on drying is deteimined by drying of a iuriown quantity of pectin for 2 hours at lOS^C in a 
drying cabinet. 

Apparatus: 
5 1 . Drying cabinet at 105^0 

2. Test beaker 

3. Analytical balance 

4. Desiccator 

10 Process: 

1 . Dry the test tieaicer for at least 30 minutes at 105^. Cool the test beaker in a desiccator and 
weigh it. 

2. Transfer a known quantityr for instance 2.000 g, of pectin to the test beaker. 

3. Place the test beaker with pectin in a drying cabinet at 1 05^C for 2 hours. 
IS 4. Cool the test beaker with pectin in desiccator and weigh it 

Calculated loss on drying: 

% loss on drying = {(g undried pectin -g dried pectin)} x 100 / (g undried pectin) 

20 

• Determination of plant esterase activity 

Principle: 

Hydrolysis of methyl esterase bindings in pectin under constant pH. The requirement of titrant is 
nneasured as a function of time and the activity is detenmined as one unit = moles demethylated 
25 cart)oxyi groups per minute. 

Apparatus: 

1 . Analytical balance (accuracy O.lg). 

2. Water bath at 5°C. 
30 3. Stop watch. 

4. pH meter. 

5. Stirrer motor, adjustable, 50 - 2000 rpm. 

6. Centrifuge. 

7. Waring blender. 
35 8. Titrator 

Chemicals and solutions: 
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1. Sodium chloride, analytical grade. 

2. Sodium hydroxide, analytical grade. 

3. Sodium hydrogen cart^onate. analytical grade. 

4. Ion exchanged water with a conductivity below 1 ms/cm. 
5 5. 0.0625 M sodium hydrogen carbonate. 

6. 1 M sodium hydrogen cartionate. 

Procedure: 

I . Grind the peel. 

10 2. Weigh out SO.Og peel and transfer it to a 2.0 1 plastic beaicer. 

3. Add ion exchanged water to a workable consistency. 

4. Add sodium chloride to a concentration of 1 molar. 

5. Adjust pH to 6.0 with 0.5 M sodium hydroxide. 

6. Place the plastic beaker into the 5^C water bath and stir slowly for 2 hours. Adjust pH every 
15 half hour. 

7. Centrifuge the mass at 9000 rpm for 30 minutes. 

B. Recover the supernatant for detemnlnation of plant esterase activity. 

9. A pectin solution is made up by dissolving 20.0 g citrus pectin having a DE of 72% and 23.4 g 
sodium chloride in 700 ml boiling ion exchanged water by blending in a Waring blender for 3 

20 4 minutes. 

10. Cool down the pectin solution to room temperature and adjust the net weight to 1000 g. 

I I . Heat 1 00.0 g of the pectin solution to 60°C. 

12. Adjust pH of the pectin solution to 5.50 with 1 M sodium hydrogen carbonate and immediately 
add 5 ml of the supernatant above. The amount of supernatant can be more than 5 ml or less 

25 than 5 ml depending on the actual plant esterase activity in the supernatant. 

13. Begin titration with 0.0625 M sodium hydrogen carbonate and record the titration curve. 

14. Determine the slope (p) of the linear part of the titration curve. 

15. Calculate the plant esterase activity as Units/ml p x 62.5/ml supematant. 

30 D Examples 

• Comparative Example 

This example repeats the process of treating orange peel as disclosed In US 2,387,635 (Bailey, 
H.S.}. 

35 6 titers of shredded orange peel (measured by displacement) were added to 4.67 liters of boiling 
water. An amount of 62% nitric was added to ensure a pH in the range 2.8 - 3.6 during the 
heating. It tumed out, that an amount of 80 ml of 62% nitric acid provided a pH of 3.4 during 
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heating. The relatively high amount of add needed to reduce the pH was explained by the 
relatively high buffer capac% of the fresh peel and the low amount of added water. After 10 
minutes, the mass was cooled and the peel was separated on a screen. The peel was then 
pressed ustng a hydraulic press, and the pressed peel was spread thinly on several drying trays 
5 and dried at 70^0 in a drying cabinet at atmospheric pressure. 

500 g of the dried peel was subsequently extracted according to the method "Extraction of 
pectin", and the resulting pectin was labeled 1025-076-01. 

10 Results: 



Sample 


Sugar 
% 


HNOj in 
extraction 
ml 


pHof 
extract 
at 25^0 


Precipitated 
extract 
9 


Pectin 

g 


Yield 

gn 


Plant esterase 
activity 
Unit/g 


1025-076-01 


49.0 


60 


1.76 


12725 


79.20 


6.22 


0 



Sample 


SAG 


Yield 


Pectin 


DE 


GA 


Mw 


TS 


pH 


T 






% 


Purity 


% 


% 




% 


1% 


% 








% 














1025-076-01 


177 


18.7 


97.7 


67.9 


78.6 


62000 


96.4 


3.36 


68.3 



IS : Transmlttance 

From this example it is evident that the method used In US 2,387,635 provides a orange material 
with a high content of sugars. Thus, the method described in US 2,387,635 does not provide for 
an efficient removal of sugars from the orange peel. In addition, with the high content of sugars in 
20 the peel, the resulting yield of pectin is low. When looking at the resulting pectin, the USA SAG is 
low and so is the molecular weight. This indicates that the pectin has been depolymeris^d during 
the subsequent heating of the orange peelAfvater suspension. Finally, this example shows that by 
heating the orange peel/water suspension to about 90^C, the activity of plant esterase has been 
completely eliminated. 

25 

• Example 1 

In this example, the treatment with acid is perfomied at room temperature and with a higher 
amount of water. 
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8 liters of shredded orange peel (measured by replacement) were added to 24 liters of water, 
which had previously been added an amount of acid to reach a pH in the peeVwater mix In the 
range 2.8 - 3.6. It turned out. that an amount of 20 ml of 62% nitric add resulted in a pH of 3.2 of 
the peel/water mix. The peel/water mix was stirred at room temperature for 15 minutes. After this 

5 period, the peel was separated from the liquid, and the recovered peel was pressed under slight 
pressure on a hydraulic press to remove excess water without crushing the peel. The pressed 
peel was then added to 24 liters of fresh water previously added an amount of add to reach a pH 
in the peelAvater mix in the range 2.6 - 3.6. It tumed out, that an amount of 15 ml 62% nrlric add 
resulted in a pH of 3.2 of the peel/water mix. The lower amount of add necessary in this step is 

10 explained by the fir^ step having removed a portion of the peel's natural add. The peel/Water mix 
was stirred at room temperatuie for 1 5 minutes, and the peei was then separated from the liquid. 
The recovered peel was pressed under slight pressure on a hydraulic press to remove excess 
water without crushing the peel. This last washing step was repeated, after which the recovered 
and pressed peef was spread thinfy on severaf trays and dned at 70°C in a drying cabinet at 

1 s atmospheric pressure. 

500 g of the dried peel was subsequently extracted according to the method 'Extraction of 
pectin*, and the resulting pectin was labeled 1025-076-00. 

20 Results: 



Sample 


Sugar 
% 


HMOs in 
extraction 
ml 


pHof 
extract 
at25°C 


Precipitated 
extract 

g 


Pectin 
9 


Yield 


Plant esterase 
activity 
UnH/g 


1025-076-00 


16.8 


60 


1.74 


8300 


82.60 


9.95 


42 



Sample 


SAG 


Yield 


Pectin 


DE 


GA 


Mw 


TS 


pH 


T 






% 


Purity 

% 


% 


% 




% 


1% 


% 


1025-076-00 


213 


29.9 


94.9 


63.7 


83.2 


101000 


96.3. 


3.34 


87.5 



: Transmittance 



25 This example shows, that when applying the method of the present Invention, less sugar remains 
in the add washed peei. and consequently, the yield of pedin is increased dramatically. Further, 
The wash with acidified water brings about an Increase in both USA SAG and in molecular weight 
compared to the comparative ^cample. In fad, the ratio of USA SAG of example 1 compared to 
the comparative example's USA SAG is 1.20. Thus, by treating the orange peel according to the 

30 present invention, a 20% increase in USA SAG is achieved. Correspondingly, the ratio between 
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the molecular weight of the pectin resulting from example 1 and the pectin resulting from the 
comparative example is 123. Thus, the molecular wefght is increased by 23% when the orange 
peel Is treated according to the present Invention. 

5 • Example 2 

In this example, the comparative example was repeated with fresh oranges directly picked from 
an orange tree. However, this example used steam instead of boiling water. The procedure was 
the same as in example 1. However, after thrice washing with acidified water, the lightly pressed 
peel residue was placed on a BQcher funnel. To the outlet of the Bucher funn^ a tuk>e was fitted, 
10 and steam was then injected into the peel through the tube. The steaming continued for 3 

minutes. With a thermo couple, the temperature inside the peel was measured, and it turned out, 
that a temperature of 90^C was achieved after 2 minutes of steaming. After steaming, the peel 
was further processed as in example 1 . The resulting pectin was labeled "D", 

15 Results: 



Sample 




SAG 


DE 


Break strength 


-f^Ca/-Ca 








% 


Break 
-Ca 


Break 
+Ca 






93800 


205 


66 


195 


201 


1,03 



With completely fresh orange peel, the USA SAG was about 16% higher than in the comparative 
example. Similarly, the molecular weight was about 14% higher. 

20 

• Example 3 

This example is based on example 1 with the exception that the orange peel used was the 
orange peel from example 2. 

25 Results: 



Sample 




SAG 


DE 


Break strength 


•i-Ca/-^^ 








% 


Break 
-Ca 


Break 
-t^Ca 






116900 


229 


68 


156 


185 


1.19 



This example shows, that by washing with acidified water brings about an increase in both USA 
SAG and in molecular weight compared to the comparative example. In fact, the ratio of USA 
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SAG of example 3 compared to the example 2 is 1 .1 2. Thus, by tieating the orange peel 
according to the present invention, a 12% increase in USA SAG is achieved. Correspondingly, 
the ratio t)etween the molecular weight of the pectin resulting from example 3 and the pectin 
resulting from example 2 is 1.25. Thus, the molecular weight Is increased by 25% when the 
S orange peel is treated according to the present invention. So, independent of the frestiness of the 
orange fruit, the present invention provides a substantial increase In both USA SAG and 
molecular weight of the resulting pectin. 

• Example 4 

10 The present invention was scaled up 1000 fold and the process run for several days. 



Results: 



Treatment 


SAG 


Break strength 


+Ca/-Ca 


-Ca 


+Ca 


Fresh water 


228 


151 


121 


0.80 


Fresh water 


232 


180 


131 


0.73 


Fresh water 


234 


133 


110 


0.83 


Acid wash 


240 


151 


143 


0.95 


Acid wash 


235 


254 


239 


0.94 


Acid wash 


224 


171 


168 


0.98 


Acid wash 


228 


239 


246 


1.03 


Acid wash 


235 


202 


193 


0.96 


Acid wash 


238 


184 


209 


1.14 



15 When using fresh water or acidified water, the SAG values are not significantly different. 
However, looking at the ratio between the gel strengths made with and without addition of 
calcium, the fresh water treated peels, produce pectin with a ration below 0.83. The peel washed 
with acidified water produce pectin with said ratio above 0.94. This shows that the peel treated 
with acidified water results in pectin of a substantial lower calcium sensitivity. In fact, the calcium 

20 containing gels made from the pectin resulting from a wash of the peel in fresh water showed 

clear evidence of pre-gelation. whereas this phenomenon was not ot)served in the con'esponding 
gels made out of pectin having t>een washed wKh acidified water. 
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Claims 
1 claim: 

1 . A method for controlling pectin esterase adh/'Ay in a pectin containing plant starting materfaf 
5 before extraction of pectin from the pectin containing plant material comprising the steps of: 

obtaining a pectin containing plant starting material, contacting the pectin containing plant 
starting material with an acidified water wherein pectin esterase activity in the pectin 
containing plant starting material is inactivated. - 

10 2. The method of claim 1 . wherein the acidified water has a pH of between 2.4 - 4.0. 

3. The method of claim 2, wherein the acidified water has a pH of between 3.2 - 3.9. 

4. The method of dairn 3. wherein the acidified water has a pH of l>etween 3.4 - 3.7. 

15 

5. The method of claim 1 , wherein the acidified water is acidified using an inorganic dioxide and 
nitric acid. 

6. The method of claim 1 , wherein the acidified water is acidified using an organic add selected 
20 from the group consisting of citric add, oxalic add and acetic add. 

7. The method of daim 1 , wherein the acidified water is acidified using a buffer system being 
capable of maintaining the pH of the addified water within the range of between 2.4 - 4.0. 

25 8. The method of daim 7, wherein the buffer solution is capable of maintaining the pH of the 
addified water within the range of between 3.2 - 3.9. 

9. The method of daim 7, wherein the buffer solution is capable of maintaining the plH of the 
acidified water within the range of between 3.4 - 3.7. 

30 

10. A method of daims 1-9, further comprising the step of drying the pectin containing plant 
material to produce a dried pectin containing plant material. 

1 1 . A method according to claims 1-10, where the plant material is dtrus fruits. 

35 

12. A method according to daims 1-10, where the plant material is orange. 
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13. A method according to claims 1 - 10, where the plant material is a vegetable. 

14. A method according to claims 1-10, where the plant material is beet. 
5 15. A method according to claim 14, where the beet is sugar beet. 

16. A plant material made according to claims 1 - 10 for use in extraction of pectin. 

17. A plant material made according to claims 1 - 10 for use as animal feed. 

10 

18. A plant material made according to claims 1 - 10 for use as an ingredient in foodstuffs. 

19. A pectin derived from extracting the plant material obtained accord'mg to claims 1-10, 
characterized by the molecular weight of said pectin being up to 50% higher than the 

15 molecular weight of a pectin obtained from extracting the same but non acid washed plant 

material. 

20. A pectin according to claim 11, characterized by the molecular weight of said pectin being 10 

- 40% higher than the molecular weight of a pectin obtained from extracting the same but 
20 non acid washed plant material. 

21 . A pectin according to claim 1 1 , characteri2ed by the molecular weight of said pectin being 1 5 

- 30% higher than the molecular weight of a pectin obtained from extracting the same but 
non add washed plant material. 

25 

22. A pectin derived from extracting the plant material ot)tained according to claims 1-10, 
characterized by a ratio between the calcium sensitivity of said pectin and the calcium 
sensitivity of a pectin extracted from the same but non acid washed plant material in the 
range 0.90 - 1 .40. 

30 

23. A pectin derived from extracting the plant materiaf obtained acconJing to claim 14, 
characterized by a ratio between the calcium sensitivity of said pectin and the calcium 
sensitivity of a pectin extracted from the same but non add washed plant material m the 
range 0.90-1.20. 

35 

24. A pectin derived from extracting the plant material otDtained according to claim 14, 
characterized by a ratio between the calcium sensitivity of said pectin and the calcium 
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sensitivity of a pectin extracted from the same but non acid washed plant material in the 
range 0.90-1.10. 

25. Uses of the pectin according to claims 19 - 24 in foodstuffe. 

26. Uses of the pectin according to claims 19 - 24 in jams and jellies. 

27. Uses of the pectin according to claims 19 - 24 in personal care products. 

28. Uses of the pectin according to cliaims 19 - 24 in wound healing products. 

29. Uses of the pectin according to claims 19 <- 24 In ostomy products. 
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□ Abstract 

The present invention discloses a method for treating pectin containing plant material. The fresh 
plant material is adjusted to a pH between 3.2 to 4.0 to render the native pectin esterase in the 
plant material inactive. Thus, minimal deesterification takes place during transportation of the 
plant material, nor during subsequent washing and/or conventional drying of the plant material. 
Since the enzyme remains inactivated, the activity of the enzyme can be re-established at a later 
point tiy Increasing the pH to above abovX 4.0. Pec&n made from such treated plant material has 
a higher molecular weight and a lower calcium sensitivity than pectin made from the same plant 
material, which has not t>een subjected to said treatment. 



